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[57] ABSTRACT

A thermal infrared detector system includes a heat sink, a

support member, a connection support member connecting
the support member to the heat sink and including a beater

unit. An infrared detector element is mounted on the support

member and a temperature, signal reimmnnativeof the
infrared energy contacting the support member can then he

derived by comparing the temperattae of the support mem-
ber and the heat sink. Tbe tempin-atm¢ sigiial from a support

member and a temperature signal from the connection

support member can then he used to drive a heater unit

mounted on the connection support member to thereby
conu'ol the thermal conductance of the support member.
Thus, the thermal conductance can be controlled so that it

can be actively increased or decreased as desired.

11 Claims, 2 Drawing Sheets
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INFRARED DETECTOR SYSTEM WITH
CONTROLLED THERMAL CONDUCTANCE

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract, and is subject to tile

provisions of Pnhlic Law 96-517 (35 U.S.C. § 202) in which
the Contractor has elected not to retain tide.

TECHNICAL HELD

The present invention is directed to a thermal infrared

detector system having an improved temperature sensitivity

for use as bolometers, thermopiles, ferroelectric and pyro-
electric detector systems and, more particularly, to a thermal
feedback arrangement that can selectively reduce the ther-

mal conductance from an absorber to a heat sink through an
anchor structure.

BACKGROUND ART

Conventional infrared detecting elements generally

include quantum detectors and thermal detectors. Quantum
detectors can provide excellent responsiveness and sensitiv-
ity in measuring temperature, however, they must be cooled
to a te__ture lower than the temperatme of liquid nitro-
gen for use and thereby have a major disadvantage in
minianwizing an infrared detector system in addition to

being relatively expensive. Thermal detectors offer advan-

rages in that they permit a miniatanization to provide low

weight and relatively low cost and do not require an active

cooling system. Thermal detectors, however, provide Limi-
tations in their sensitivity, and substantial efforts have been
made in this field to address these problems. One approach
with a thermal IR detector designed to absorb IR radiation
is to provide a free-sranding membrane that is suspended by
supports directly from a heat sink. The absorbed IR radiation
causes a temperature rise in the membrane proportional to
the intensity of the incident IR radiation, and this tempera-

ture rise is then measured using a thermal detector or other
electro-thermometer.

The amount of temperature rise and thus the detector

sensitivity is inversely proportional to the thermal conduc-

lance of the supports by which the absorber is suspended.
Thus, the thermal conductance of these supports limits the
sensitivity to less than the theoretical background limit that

could be attained. In addition, atw.mpts to reduce the con-
ductance come at the expense, however, of the response lime
of the detector. That is, when the thermal conductance is

rendered relatively low, the membrane temperature would
then come into equilibrium slowly with its substrate and

thereby limit its response time to new measurements.

U.S. Pat. No. 5,523,564 discloses an infrared detecting
element that has a supporting member for supporting an
infrared detecting member above a subsu'ate with a low
thermal conduction pert intervening between the subsu'ate

and the support member. The suppoa member can be

actually fabricated by etching a portion of the subslrate to
providesupporting posts over a cavity portion with the
supporting posts being porous with low thermal conductiv-

ity. The resulting structure is normally operated in a vacuum
and since there is neither a solid material nor air to conduct

heat between the membrane and the support, the only path
of thermal conduction between them is through the rela-

tively thin or porous supports so that the thermal conduc-
tance between the membrane and the beat sink substrate can

be maintained relatively low.

2

In operation, the thermal radiation can be absorbed on the

membrane, either directly on the membrane or by a specially

added absorbing material. This causes the temperature of the

membrane to rise, and this temperature is then measured by
5 some sort ofelectrothermometer. The difference between the

substrate and the membrane temperature is proportional to

the intensity of the incident infrared radiation and can
thereby be converted into electrical signals as the detector's

output signal. The incident IR radiation constitutes a flux of
10 heat into the membrane, and the beat flow out of the

membrane is equal to the temperature difference between the

membrane and the substrate multiplied by the thermal

conductance of the supports. This temperature difference

will increase until the heat flow out of the membrane is equal
15 to the heat flux into the membrane. The membrane tempera-

ture will rise and fall with a time constant equal to the heat

capacity of the membrane divided by the thermal conduc-

tance of the supports.

Due to system noise and other limitations, there is a
20 minimum temperatl_ difference that a _ter Call.

accurately detect. The amount of incident infrared radiation

necessary to cause this minimum detectable temperature

change is proportional to the thermal conductance of the
supports by which the membrane is suspended. Therefore,
the sensitivity, that is the minimum detectable amount of
incident radiation, depends upon the thermal conductance of
the supports. Lowering the thermal conductance of the

supports, if possible, would come at the expense of the
response time of the infrared detector. That is, the membrane

3o would then come to equilibrium more slowly, ff the thermal

conductivity is reduced.

Another example of an infrared detector can be found in

U.S. Pat. No. 5,640,013, which discloses a bolometer-type

of infrared sensor with a high concentration impurity layer
35 formed to enhance its detection sensitivity.

U.S. Pat. No. 5,602,393 discloses a micro-bolometer

detector with enhanced sensitivity provided by the incorpo-

ration of an optically absorptive material structure tuned so

that a predetermined design wavelength can be redirected40
back to cause constructive interference to thereby increase

the absorption of optical radiation at the design wavelength.

U.S. Pat. No. 5,597,957 is cited for its disclosure of a

microvacuum sensor providing a heating element, such as
45 aluminum, arranged on a thin membrane. The microvactmm

state is determined as a result of the thermal conduction of

the gas that surrounds the sensor chip which is in mm
influenced by the gas pressure to thereby enable the deter-
mination of the vacuum or gas pressure that exist.

5o U.S. Pat. No. 5,602,389 discloses a calibration of an
infrared sensor with a black body.

U.S. Pat. No. 4,694,175 discloses a mounting arrange-
ment of an infrared detector wherein a cold finger is used to
reduce temperature variations in the detector.

55 U.S. Pat. No. 5,683,181, U.S. Pat. No. 5,602,043, and

U.S. Pat. No. 5,572.312 are cited of general interest.

The prior art is still seeking ti3 improve both the sensitivity

and response time of a thermal infrared detector so that it can

6O come closer to approximating its theoretical potential.

STATEMENT OF THE INVENTION

The present invention provides a thermal infrared detector

system that contains a supported member, such as a mere-

65 brahe; thin support posts formed, for example, of silicon

nitride, that support the member; an anchor structure to
which the remaining end of the support posts are attached;
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and a thermal heat sink and mechanical base consisting, for

example, of a silicon substrate, to which the anchor structure
is attached. The thin support posts provide a high degree of

thermal insulation between the supported member and the
anchor structure. Another thermal insulator, for example, a 5

thin layer of silicon nitride, provides some thermal insula-
tion between the anchor structure and the heat sink. A

thermal infrared detector element is mounted on the sup-

ported member. This infrared detector element includes an

infrared absorber, for example gold-black, and a temperature t0
sensor, which can be for example, a thermoresistive sensor,

a thermopile (a series of thermocouples), a ferroelectric, a

pyrceleclric, or other temperature sensor. Similar or com-
patible temperature sensors may he mounted on the anchor
structure and the substrate. Infrared radiation incident on the

detector system is absorbed on the supported member, and 15
tends to raise the temper ature of the supported member. The

thermal infrared detector system outputs a signal consisting
of the difference in temperature between the supported

member and the beat sink, and this signal is representative
of the intensity of infrared radiation absorbed in the sup- 20
ported member.

A resistive or other heater is mounted on the anchor

structure, and a control mechanism consisting of an elec-
tronic amplifier utilizing feedback and a driver is used to
drive the anchor structure heater. The control mechanism

controls the temperature of the anchor structure, making it

equal or very nearly equal to the temperature of the sup-
ported member. As intensity of the infrared radiation inci-
dent on the detector structure changes, causing the tempera-

ture of the supported member to change, the feedback aspect 3o
of'the control mechanism adjusts the power directed to the
anchor structure heaters. The control mechanism changes
the temperature of the anchor structure so that the anchor
structure temperature follows the temperatm'e of the sup-
ported member, maintaining a very small temperature dif-
ference between the supported member and the anchor 35
structure.

By using active control to maintain a very small tempera-

ture difference between the supported member and the
anchor structure, the heat flow out of the supported member
for a given support post thermal resistance is reduced. This 40
active control mechanism results in an increase of the

effective thermal resistance seen by the supported member,

resulting in a greater supported member temperature for a
given infrared radiation intensity, which in turn results in an
increase in the system sensitivity. In addition, the time 45

response of thermal detectors without the temperature con-
trolled anchor structure is limited by the thermal resistance

of the support posts. Improvements in sensitivity by increas-
ing the real thermal resistance of the support posts, if such

improvements can be done at all, comes only at the expense 50
of decreasing the response time of the detector system. By
controlling the time response of the control mechanism, the
time response of the detector system described in this
invention can be decoupled from the increased effective
thermal resistance.

Thus, the present invention provides an active feedback 55

mechanism that increases the thermal sensitivity and
response of the infrared detector system by reducing the

effective heat conduction from the supported member which
absorbs the infrared radiation and senses the resulting tem-
perature change. It also decouples this increased effective 60

thermal insulation from the time response, so that it simul-
taneously allows for improved sensitivity and increased

response time.

BRIEF DESCRIPTION OF THE DRAWINGS 65

The objects and features of the present invention, which
are believed to be novel, are set forth with particularity in the

4

appended claims. The present invention, both as to its

organization ._; ! manner of operation, together with further

objects and advantages, may best be understood by reference
to the following description, taken in connection with the

accompanying drawings.

FIG. 1 is a perspective schematic drawing of the infrared

detector system with a thermal feedback arrangement of the

present invention;

FIG. 2 is a partial schematic cross-sectional view of the

thermal infrared detector system;

FIG. 3 is a schematic illustration of the heat flow in the

thermal infrared detector with thermal feedb,_,.k; and

FIG. 4 is a plan schematic view of the membrane, anchor
structure, and heater circuit.

DETAILED DESCRIPTION OF THE

INVENTION

The following description is provided to enable any

person skilled in the an to make and use the invention and .....
sets forth the best modes contemplated by the inventor of

carrying out his invention. Various modifications, however,
will remain readily apparent to those skilled in the art, since

the general principles of the present invention have been

defined herein specifically to provide an improved infrared

detector system with controlled thermal conductance.

Referring to FIG. 1, the thermal infrared detector system
2 of the present invention is disclosed. A subswate 4 serves
as a heat sink and can be formed of silicon. A support
member or membrane 6 can he formed of a silicon nitride

and is connected by a plurality of thermal conductors or
support posts $ made of a thin silicon nitride structure. The
configuration of the supports posts 8 is designed to minimize
the thermal conductance permissible from the membrane 6
and can be on the order of 200 mm of silicon nitride with a

width of 1-5 ltm in thickness and a length of SO to 100 tun.

The support posts 8 are connected to an anchor structure

or connection support assembly 10 of 1-5 pan in thickness

of a polycrystalline silicon deposited over a thermal insu-
lating layer24 of 200 mm in thicknessof siliconnltfide,

which is deposited directly on the substrate or heat sink 4.

As known in the industry, the silicon nltride and poly-

crystalline silicon can be deposited in a vacuum environ-
ment on a substrate of a silicon wafer. Thus, a silicon wafer
that will serve as the beat sink member can be coated with

a deposited first film layer of silicon nitride by a reaction of
silane and ammonium gases to deposit a thin initial layer of
a silicon nitride. Subsequently, a thicker layer of a polycrys-

talline sificon material can be deposited over the initial layer
of silicon nitride and then a final layer of silicon nitride can

be deposited over the polycrystalline silicon material.

This pre-form product can then he etched with acid to

provide the final structural configuration shown in cross-
section in FIG. 2. Since the general manner of making the

membrane and substrate configuration is not the contribution

of the present invention and is known in the industry.

specific details will be omitted herein and reference can be
made to U.S. Pat. No. 5,523,564, which is incorporated by

reference for more information. Suffice it to say that the

present invention is not limited to silicon wafers, silicon

nitrides and polycrystalline silicon materials and :>ther mate-
rials can be used as mentioned in U.S. Pat. No. 5,523,564.

A substrate thermometer or heat detector 12 can be

provided on the surface of the substrate 4. Likewise, a
membrane thermometer or heat detector 14 is mounted

directly on the support member 6. An absorbent material 16,
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such as gold-black, can also be deposited on the surface of
the support member or membrane 6 to increase the sensi-

tivity to absorbing energy from the incident infrared rays.
The membrane 6. absorbency material 16 and heat detector

14 can constitute the infrared detector element. The output 5

from the infrared detector element can then be compared

with the output of the substrate thermometer 12 through a
differential amplifier circuit 18 schematically shown in FIG.
I. The resulting output signal is indicative of the thermal

10
detection of the incident infrared rays.

To improve the performance of the thermal infrared
detector, a thermal feedback system can be used to increase

the sensitivity by reducing the effective thermal conductance
of the membrane support posts 8. By controlling the con- t5

ductance of the support posts 8, the accumulation of the

infrared energy can be accurately measured. Since the
thermal conductance is dependent on the temperature dif-

ferentialbetween the membrane 6 and the anchor structure

10, then controlling that temperature differential can 20
increase the thermal infrared detector xmitivity. Thus, a

feedback amplifier circuit 20, which is only schematically
shown in FIG. I can be connected to the output signal from
the differential amplifier circuit 18 to drive a beater unit 22
mounted on the surface of the anchor structure or connection 25
support assembly 10. As can be appreciated, the heater
structure can include a number of heater elements 26 posi-
tioned about the anchor structure to control the differential

between the membrane support member 6 and a specific
support post 8. The actual thermal conductivity of the anchor 30
structme or connection support assembly le can be many
times that of the support pests 8. By controlling the tem-

permaue of the anchor _, a support post 8 will have
a reduced thermal conductance between the membrane 6 and
the beat sink or substrate 4. Thus, the temperature of the 35

anchor structure 10 is controlled by using a feedback mecha-

nism so that by activating the beater elements 26, the
temperature of the anchor su'ucture 10 will follow that of the
membrane 6, thereby reducing the heat flow from the
membrane 6 to the substrate 4. 4o

A schematic of a heat flow design is shown in FIG. 3.

wherein the quantity of heat energy, Q_, from the infrared
rays incident on the membrane support member 6 having a

membrane heat capacity, C r, is shown. The thermal conduc-
tivity of the support post g ts shown as a resistance value G 1 45
with the anclug swacm_ 10, A/S, shown intermediate of the

support post 8 and the beat sink substrate 4. The thermal
conductivity of the intermediate anchor structure is shown as
G2.

50
The output signal of the infrared detector is proportional

to the temperature difference AT between a membrane

temperature T,, and a substrate temperature Tr If the anchor
structure temperature To. is controlled by a feedback

arrangement or mechanism of the ptnesent invention so that 55

T,,-T, is equal to some fraction K of the temperature

differential (T,,-T_,), then AT is given by:

Q, = G, iT_,- T,,)

6O
T. - T. = X(Tm - T.)

C?_= n,(I -/O(T. - T,)

Q. = GI (I - g)t_T

q_, 65
AT =

(1- g)O,

6

-continued

AT= Q"

C,# = (I - K)G,

As shown above, when the temperature of the anchor
structure, T,, approaches the temperature of the membrane,
T,,,. the sensitivity of the infrared detector increases.

Thus, by adding a heated anchor structure 10 and con-
trolling its temperature using a feedback mechanism, the
effective thermal conductance of the support posts 8 can be

controlled in an active manner. This will result in a larger
temperature change of the membrane 6 for a given incident
flux of IR radiation, thereby resulting in greater sensitivity
to the thermal infrared detector system. Additionally, by
simply disabling the feedback control the time constant of
this system will then increase to the ordinary thermal
conductance of the membrane suppon posts and anchor
structure. The final result is that a thermal sensor can be

provided with not only improved sensitivity, but also with"
increased response speed.

Referring to FIG. 4, a more detailed schematic plan view
of the membrane 6, support posts g, and anchor swuctme 10,
along with the feedback power circuit, is shown. The opera-
tional amplifier 28 is also connected to the membrane
thermometer 14 and to an anchor thermometer 30. A power
source (not shown) is used to power the individual heater
elements 26 mounted on the anchor structure 10 adjacent
each of the connections of the support posts 8 to the anchor
structure 10. Thus,theoperationalamplifier25 can drivethe
heater elements 26 to cause the temperature of the anchor

structure 10 to approximate the temperature of the mem-
brane 6. -

Those skilled in the art will appreciate that various
adaptations and modifications of the just-described preferred
embodiment can be configured without departing from the
scope and spirit of the invention. Therefore, it is to be
understood that, within the scope of the appended claims,

the invention may be practiced other than as specifically
described herein.

What is claimed is:

1. A thermal infrared detector system comprising:

a heat sink member,

a support member;,

a connection support member connecting the support
member to the heat sink member,

a heater unit mounted on the connectionsupport

an infrared detector element mounted on the supp¢_
member;

means for providing a temperature signal representative

of the infrared energy contacting the support memO,:

and ..

means, in response to the temperature signal, for driving
the heater unit to reduce the thermal conductance of the

connection support assembly.
2. The thermal infrared detector system of claim 1,

wherein the means for driving the heater unit is a feedback

circuit for causing the heater unit to approximate the tem-
perature of the detector element.

3. The thermal infrmml detector system of claim 1,
wherein the support member is a membrane with support

posts and the connection support member is mounted on the
heat sink member and is attached to the support posts.

4. The thermal infrared detector system of claim 3,

wherein the membrane and the _pport posts me formed of
silicon niU'ide and the heat sink member is formed of silicon.
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5. The thermal infrared detector system of claim 4,
wherein the connection support member is formed of poly-
crystalline silicon.

6. The thermal infrared detector system of claim 3 further
including a heat insulator layer between the connection
support member and the heat sink member.

7. The thermal infrared detector system of claim 6,
wherein the heat insulator layer is a deposited film of silicon
nitride.

8. The thermal infrared detector system of claim 1,
wherein the heater unit includes a phn'ality of heater ele-
menus and the support member is a membrane with a
plurality of support posts, each beater element is mounted
adjacent a respective connection of a support post to the
connection support member.

9. The thermal infrared detector system of claim 1,
wherein the means for driving the beater unit includes a
temlx'rature detector nlounted on the connection support
member and means for c.omparing an output of the tempera-
tune detector with the _ signal m drlve the
unit.

8

10. The thermal infrared detector system of claim 1,

wherein the means for providing a temlx'rat,r ," _i._n i rcp

resentative of the infrared energy includes a substrate tem-

perature detector.

5 11. In a thermal infrared detector system having a thermal

infrared detector element supported by thermal conductors

on a heat sink body to generate a temperature signal repre-

sentative of the infrared energy contacting the detector

10 element, the improvement comprising:

a heater member positioned between the thermal conduc-

tors and the heat sink body: and

a control circuit connected to the beater member to drive

t5 the heater member to approximately the temperature of
the detector element to reduce the thermal conductance

of the thermal conductors.

#t
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